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Abstract
Background: Several high-throughput gene analysis techniques - differential display PCR, suppression
subtraction hybridization (SSH), serial analysis of gene expression (SAGE), and DNA microarray - have
permitted transcriptome profiling to understand the molecular pathogenesis of multifactorial diseases. But
these techniques are of no great utility regarding feasibility, reproducibility, cost, and the amount of material
required for analysis. To establish more practical method for transcription factor transcriptome profiling, we
combined degenerate reverse transcriptase-polymerase chain reaction (RT-PCR) and single strand
conformational polymorphism (SSCP) technique.

Methods: We categorized 417 human/mouse transcription factor mRNA into 92 small groups according to
homology with ClustalW method and established 92 degenerate RT-PCR including common motives of the
92 small groups with the software program of CODEHOP, Primer Premier, Amplify 1.2. Further analysis on
the amplified PCR products was performed by SSCP. This system was applied for the evaluation of changes
on transcription factor transcriptome of differentiated 3T3-L1 adipocyte treated with TNF-a

Results: 82 groups and 52 groups showed amplification of PCR before and after TNF-a treatment
respectively and 24 groups showed significant amplification difference after TNF-a treatment. After TNF-a
treatment for 48 hours, mRNA expressions of group 7, 30, and 33 which include adipocyte related
transcription factors such as CEBP-g, RXR-q, PPAR-y were downregulated and mRNA expression of group
8 including preadipocyte abundant CEBP-f was upregulated. These results are largely concordant with the
results analyzed by oligonucleotide microarray. Randomly selected single PCR bands of group 28 and 75 on
agarose electrophoresis displayed additional multiple bands by SSCP and necessitated addition of this
technique to degenerate RT-PCR for further analysis.

Conclusion: It could be suggested that degenerate RT-PCR/SSCP is practical method and could be used as
a screening test for transcriptome profiling of various disease states with further validation study. (J Kor
Diabetes Assoc 31:410~420, 2007)

Key words: RT-PCR (reverse transcriptase polymerase-chain reaction)/SSCP (single strand conformational

polymorphism), Transcriptome profiling, TNF-q, 3T3-L1 adipocyte
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Table 1. Degenerate primer sequences of transcription factor RT-PCRs

Primer Forward Reverse Size (bp)
1 CCTCCCGTGTAYRCNAAYYT CAGGGTCTTCACYTINTCYTC 399
2 CATCACCACCTCCCAGGAACYYTNCANTGGHT CGCCGGTTCCGGCAYTTNGCNGC 357
3 CCCTTCCCCATCGACAAGATHRTNAAYYT CAGCTTCACGATGTTGTCCARYTTINCKYTT 177
4 ACGAGAAGCGGCAGAAGTTYYTNGARMG GGTCACGGGGCARTCYTTRTG 201
5 TCCGTGATCCAGTCCCCNCARGTNCA CGCCGTCGGTGCCRTTRTTNGC 378
6 GCCGCCACCGGNGAYATGCC TCCAGCTCCTCGATCAGCKTYTIRTTYTG 270
7 CGCCGCCCGGGTWYGGNTGYGC CGGCGCCGGAGCCNCCNCCNCC 450
8 GGCACCCCCCCCCCNGCNGAYGC GCTCCCGGGACAGCTGYTCNACYTT 273
9 GGCAGCGGCGGGARMGNAAYAA CCCTCTGGTGCAGCCTCTCRTTYTCNKC 126
10 TCTGGGACAAGACCATCCCNTAYGAYGG ACCTTCCTGGCCTTCTTCATNATNGGYTG 450
11 CCCGGACTCCTACTCCGGNYTNCCNGG CCACGCCGGACACCTTYTCYTCYTC 439
12 GGCACGCCTCCATGTNGSNRC CCTTCTCCCGCTCGATCTTYTGYTCNGG 411
13 ACCCACTCCGAGACCGARWSNGGNTT TCTCGATCTTGGACAGCTTCTTRTCNGGNGG 321
14 ACCGTCTACCAGTTCTGCCAYSCNGMNGA GGAAGGCGTTGGTCTGCAYCCANVNCCA 153
15 CCTGCCCCGCCAACYTNCCNAAYAT CCCGGGCCTGCATCTCNARYTCYTG 363
16 CGCCACCTTCGCCGANCMNAAYRT TCCTGAGGGGTCATCATCACRWARAAYTG 492
17 GCCCCGCCGTGTACTTYTGGMGNCA CCAGTCCCCGTCCATGAARAANYKNTG 588
18 CCGTACTTCTACTGCGACTACGANTGYGGNGA GGAGAAGCCGGACCARATRCARTC 390
19 CATCGAGGTGGAGTCCGAYGARGARCA GGAGGAGGAGTCGGAGCCNCCRTCRAC 408
20 ACATCCAGATGCTGCTGGARGCNGCNGANT CGGTCGCACTCCTCCARYTTYTKDAT 348
21 AGGACGAGTTCCACCCCTTYATHGARGC CGGTGGACTCCAGGGGNATNCCYTT 411
22 CGTGTACCCCGCCCARGTNCARWA CATGAAGATGGACCGGATGADYTTNCCRAA 594
23 CCTGCTGACCTCCCTGGTNGARGGNRA TGGCCTTCAGGGCCTCTKTNADRARTT 393
24 CGCCGGCCGGAAYGAYTGYAT CCGGCGTACACGACCTCNGGYTCDAT 339
25 TCCCTGCTGGGCCCNACNTTYCC GACAGGTGCTCCAGGGCYTCNACNCC 387
26 CCAGGGCCACAACGACTAYATGTGYCC ACTCGGAGTAGATCATAGGGGGYTCNGCNTC 393
27 CAGTACTGCCGGCTGCARAARTGYTT CGGCCTTCAGCAGGGTDATYTGRTC 402
28 GGTCCATCCAGAAGAACATGATHTAYAC TGGCCAGCTCGGAGAAYTTRTCCCA 432
29 GTGTCCTCCTGCGAGGGNTGYAARGG ACAGGGAGGGGAAGGTCTCYTGRTGNGC 381
30 CGACCGGTCCTCCGGNAARCAYTA GCCTCCAGGATCCTCTCCACNGGCATNTC 294
31 TGCGGCTCCGACCCNGARGANAA TTGAACCGGCACAGCTGRCAYTGRTT 309
32 GACCACTTCACCATGATCATCACNCCNGCNRT GAGTTCAGCTTCATGCCGARRTCRAANAT 276
33 GCTGGCCTCCCTGATGAAYAARGA CCAGCTGCCGCAGGTCNGYCATYTT 348
34 GCGCCACCGCCACNCCNYTNTG ATCTTCCGGTTCCGGGTYTGDDATNCC 300
35 CAGTGGACGGCCAGCARYTNCARTT TTGTGATGTAGTCGTTGGCGYYNGTRAARAA 444
36 GCCTCCCCACGTGCARCCNGTNMG TGGGGCAGGACGCCRTTNCKNCC 378
37 CGACCCCAAGTTCCCTCCNTKYGARGA ACGTGGACCTTCTTCATCCANGGRTA 612
38 ACCGGCAGGTACGGCTAYRRNTAYAA CAGGGGTAGATCTGAGGGGTYTGNCCYTC 441
39 TGAACGCCCTGTTCTCCAARTWYMCNRC CGGAGGACCGCATCCANGGRTA 390
40 CCCCTGCACCCCACCTAYTAYGAYTG TGGGGCCGCATCCANGGRAA 483
41 GCCCATGGTGTGGCCNGCNTG TCTTGATGCCGGTGGCYTTYTTDAT 291
42 CCCGCCGGCATGTTYWSNAT TCAGCACGGAGCCGGSNCCNTCRTA 378
43 GAAGCAGCGGCGGAAYMGNACNAC CGGGGGACCATGGGYTGYTCNAYNG 279
44 CAACGAGTCCGAGTGCTCCSSNCARTTYAC GCCGCAGTCCATGCCNCCNMMRTA 390
45 GAGTCCGGCGTGACCAARGARRYNYT CCTCCTGCAGCATCCTGTCNACNWCNGC 306

I
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GGATGAAGGTGAAGCGGAAYSYSCCNAA

TCGTTCAGCTGCAGGGAGKYNGCDATYTC
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GGCCCTGGAGCGGAARTTYMGNCA
CAGCACGCCGTGGGNCAYGG
CGGCCTGTCCCAGCACYTNCARGAYGG
TGACCCCCTGCCTGTACAARTTYCCNGA
CATGGGCAAGCTGTACGGNAAYGAYTT
CAGCTGCTGCAGCTGCARCARYTNGT
GCACCACTTGACCCAGGCNGAYGTNGG
GGGCGTGACCCAGGCNGAYGTINGG
GACCACCATCTGCCGGTTYGARGCNYT
TGGAGGAGATCCGGGAGTTYGCNAARAA
CCGGGACGGCATGGTNTWYCAYNT
GGGCCATCGGCGGNWSNAARCC
TGAACCAGCTGGGCGGNGYNTTYGT
AGGCGGTCCTACACCCAYGCNAARCC
GCTGCAGCAGTCCCCAGAYGGNGTNBT
GCGGCACTTCTCCATGAARGTNTG
GCTGACCCCCTCCTCCAARGARATGATG
CATCCACCAGTTCGGGATGWVNGGNCA
TGCGGAAGAACAAGACCAAYATGAAYTA
CCACCTCCTCCCGGCTNGCNAAYCCNG
ACAAGGAGAAGATGATGTTCCGNATHCCNTGGA
CCGACATCGAGCAGTCCTTYCARSARGC
CCAGCTGGTGCGGGACYTNYTNGARGT
CCACCGTGAAGATCTGCAAYTAYGARGG
CAGAGGATCCAGACCAGCATCRAYCCNTWYMA
CCCTGCCTCCCCTGGANTGGCMNYT
CTTCGTGGTGGAGAGGCARCCNTGYAT
GCGTCGAGTGCACCGGNGARATHHT
CGAGCAGTGGTTCACAGAGGAYCCNGGNCC
TCCCCTCCCCAGACCACNYTNCAYMG
CGAGCTGTCCGTGCTGTGYGAYTGYGA
CGAGCTGTCCGTGCTGTGYGAYTGYGA
TGCCCGCCCCCAAYTTYGCNAT
GCGCCAAGCCCGGNAARAARAC
CACGCCCGGAACGCNGARTAYAA
TCAAGCGGCCCATGAAYGCNTT
CCGTGAAGCAGAACGAGGANGGNAARHT
GGCCGAGCAGTACCCCSAYYTNCAYAA
CGTGCCTCCCTCCGGNAARCARGA
GGACCAGCGGCAGATGTTYTTYGT
TCCGGCCTGGTGCANGAYTTYGA
GGTGCTGGGCACCGTNAARTGGTT
CGGTCCGTGGGCGAYGGNGARAC
CGTGATGGCCGGCAAYGAYGARAA
CACCGCCGCCATGAARAAYCA
CCCTGGCCTCCAAGCARGRNMARCC

GGGCAGGACGGGCCKNTGRAANGG
CCGCTCCAGCTCGTACACYTGNGCYTG
CACGGAGTTGTCGGAGCCNGCNCCNCC
GGCGCCCACCTGCTCNGCYTCYTC
CACCCGGATCACCTCCTTYTCCATRTT
GCTTGATCCGCCGCTGYTTRAANGT
CCTTCTGCCGCCGGTTRCARAACCA
TGCTTCTGCCGCTGGTTRCARAACCA
CCAGCTGGTCGGCGATRTGNSWDAT
GGTCTGCCGCCGGTTRCARAACCA
TGGACCGCCGGTTCTGRAACCANAC
CGGCACCGCCGCWRYTTNCKYTT
GGACACGGAGGGCACGKTRMNTTRTC
GCCGCAGGTAGCAGCCRTTYTCRAA
GCAGTTGCAGATGTCCTGGYRNGTNACRTA
GCTGCTCGTTCTGCCTGTTNCKYTSNAC
CGGGGTAGGCGGGGTTNRCNCCRTT
GGGGAAGTCCTGGTTGACGSWRCARTANKT
AGTACAGGCCGGAGTGCADRTANTCRTT
GGGGTACTTGTACATGGAGGTCTCNGKNGGRTG
ATGGCGCACCGGAAGYKNGYYTTCCA
GGATGTGGGAGGACACCTGYTTNCKNGT
TGGACATCATGGCGATGTGDATNGCRRT
AGCCGCACGATGGACARRTCCATNAC
GCGACCTGCCTGTGCACRTCNGYNTG
GGTGATCCGGTGCACCTGRTARAANGC
GAAGGTGATGATGTGCAGCTCYTCNGTNAC
GGCACCTTGTCGGGCACNRCRAANGG
CCGCCGCACCACCTCNGTCATRTG
GGTTGCCGCCGCCNGGNGGNGG
GGACAGCTCGGGCACGSDCATNGCNGG
GGGATGGTCACGGGCATYTCRAA
GGTGTTGTGGGTAGGAGGAGGNGGNSWYTT
CACCTGGTAGGTCAGGTCGGKYCYTCRAA
GGGGTAGATGTTCTCGAAGGCNTSRTADAT
GCGGGGCCGGTACTTRTARTYNGG
TGGAGATGTTGGAGTTGTGCATRTCNGG
ACCCGCAGCCGCTCNGCYTCYTC
GGACCGCCGCTTCTTCTINCCRTARTT
CACAGGGGGCTTGTGCAYRTADATRAA
CTCCAGCCCTCCAGCTGYTGRTGYTC
GCCCCGCCGCCKNCCRWARTA
GCGCCCTCCATCACCTCNCCYTGNAC
GGGAGGGCCGGGGRTTYTGNGG
GGGGCTCCCGGGGNCCRTCNAC
GGACTCCTGGGAGATGGTCTCYTCNGTYTC

294
369
372
321
228
384
375
390
264
309
609
441
336
297
348
387
342
411
333
336
168
168
315
339
375
258
360
339
372
252
327
327
369
348
435
213
291
117
336
354
375
288
366
339
366
315

These primers were first produced with the help of a web program CODEHOP (consensus-degenerate hybrid

oligonucleotide primer) based on the known sequences of transcription factors.
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Fig. 1.
receptor substrate 1 (IRS-1) in 3T3-L1 adipocytes by gel
(Ctrl:  3T3-L1
preadipocyte, lane 1: fully differentiated 3T3-L1 adipocyte,

Effect of TNF-a on protein level of insulin

electrophoresis and immunoblotting

lane 2: adipocyte treated with 100 nM insulin for 15 min,
lane 3: adipocyte treated with 3 ng/mL TNF-a for 48 h,
lane 4: adipocyte treated with TNF-a and insulin).
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Fig. 2. Agarose gel electrophoresis of transcription factor degenerate RT-PCRs on total RNAs of fully differentiated
3T3-L1 adipocytes before and after TNF-a treatment. Numbers above the columns mean categorized groups of
transcription factors. Each left and right column below each number shows the result of RT-PCR from 3T3-L1 adipocytes
before and after TNF-a treatment, respectively. Columns without number on the top are markers for the sizes (base pair)

of PCR product.
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1. HARIXt ATF 9271z

1. (XBP-1, c-Jun//c-Jun, JunB, JunD), 2. (c-Fos, Fra-2//c-
Fos, Fra-1), 3. (NF-E2 p45, Nrfl long form, Nrfl shot form,
Nrf2//NF-E2 p45), 4. (CRE-BF1, CRE-BPq, ATF-a, ATF-aDelta//
CRE-BF2), 5. (CREB-341//CREB-341, CREBbeta), 6. (ICER-
II gamma, ICER- ll//CREMalpha, CREMbeta, CREMgamma,
CREMepsilon, CREMtau, CREMtaualpha, CREMtaul,
CREMtau2, S-CREM, ICER- I, ICER- I gamma, ICER-II,
ICER- [Ilgamma), 7. (C/EBPalpha//C/EBPalpha, p30C/EBPalpha,
p20/EBPalpha), 8. (C/EBPbeta//C/EBPbeta, p20C/EBPbeta),
9. (C/EBPdelta//C/EBPdelta), 10. (Hif), 11. (E12, E47,
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Fig. 3. SSCP (single strand conformational polymorphism)
analysis of transcription factor RT-PCRs. The products,
taken from 28 and 75 RT-PCRs in Fig. 2 were denatured
at 96C for 5min, cooled in ice for 5 min, and then 3
times loaded on 12% nondenaturing polyacrylamide gel.

ITF-1//E12, E47), 12. (ITF-2 /| SEF2-1B, HEB /SCBP//m3,
SCBPgamma, SCBPalpha), 13. (HEN1, HEN2//HEN1, HEN2),
14. (AhR, Amt//AhR), 15. (TFE3-L,Mi//Mi, TFE3-L,
TFE3-S), 16. (USF, USF2a, USF2b//USF2a, USF), 17.
(SREBP-1a, SREBP-1b, SREBP-1c, SREBP-2, AP-4), 18.
(c-Myc, N-Myc, L-Myc, L-Myc (206AA)//c-Myc, N-Myc,
L-Myc), 19. (Max2, Maxl, DeltaMax//Max), 20. (Madl,
Mxi//Madl, = Mad3, Mad4), 21. (NF-1Cl/CTF-1,
NF-1C2/CTF-2, CTF-3, CTF-5, CTF-7//NF-1B3, NF-1B4),
22. (RF-X2, RF-X3, RF-X5//RF-X1,RF-X2, RF-X3), 23.
(AP-2alphaA /AP-2alphal, AP-2alphaB, AP-2gamma, AP-2beta//
AP-2alphaA [AP-2alphal, AP-2alpha2, AP-2alpha3, AP-
2alpha4, AP-2beta, AP-2gamma), 24. (GR, MR//GR), 25.
(AR//AR), 26. (ER//ER), 27. (RAR-alphal//RAR-alpha, RAR-
alphal, RAR-alpha2), 28. (RAR-beta2//[RAR-beta, RAR-
betal, RAR-beta2, RAR-beta3, RAR-beta4), 29. (RAR-
gamma, RAR-gammal//RAR-gammal, RAR-gamma2, RAR-
gamma), 30. (RXR-beta, RXR-alpha//RXR-alpha,RXR-beta,
RXR-beta2, RXR-gamma), 31. (T3R-alpha, T3R-alphal,
T3R-alpha2//T3R-alpha), 32. (T3R-betal), 33. (PPAR-alpha,
PPAR-beta, PPAR-gamma), 34. (GATA-1,GATA-3//GATA-1,
GATA-3), 35. (Spl, YY1//Spl), 36. (//HOXA1l, HOXD11),
37. (HOXA4, HOXB4, HOXD4//HOXD4, HOXA4, HOXB4),
38. (HOXCS5, HOXAS, HOXBS5//HOXAS, HOXBS), 39.
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(HOXA7, HOXB7//[HOXB7, HOXA7), 40. (//HOXBS,
HOXC8, HOXDS8), 41. (En-1, En-2, En-1,En-2), 42. (//Gsc),
43. (K-2//K-2a, K-2b, S8), 44. (Otxl, Otx2//Otx2, Phox-2,
Otx1), 45. (HNF-1A, HNF-1B, HNA-1C, vHNF-1A, vHNF-1B,
vHNF-1C//HNF-1A, vHNF-1A), 46. (HOXAl, HOXBI//
HOXBI1, HOXD1, HOXA1l), 47. (Msx-1, Msx-2//Msx-2,
Msx-1), 48. (TTF-1//TTF-1), 49. (Pbxla, Pbx1b//Pbx1b), 50.
(Pit-1b//Pit-1b), 51. (Oct-1//Oct-1A, Oct-1B, Oct-1C), 52.
(Oct-2.1, Oct-2.2/Oct-2A, Oct-2.5/Oct-2B/[/Oct-2.1, Oct-2.2/
Oct-2A, Oct-2.3, Oct-2.4, Oct-2.5/0Oct-2B, Oct-2.6), 53.
(N-Oct-3, N-Oct-5A, Brn-4, N-Oct-5B, Oct-6//Oct-6, Brn-4,
N-Oct-3), 54. (Brn-3a(s), Brn-3b//Brn-3a(l), Brn-3a(s), Brn-
3b), 55. (Oct-3A, Oct-3B//Oct-5, Oct-3A), 56. (TCFbetal//
Brn-5(c2), Brn-5(cl), Bm-5(c7)), 57. (Lim-1, LH-2//Lim-1,
Lim-3, LH-2), 58. (Pax-3, Pax-6, Pax-6/Pd-5, Pax-7//Pac-3,
Pax-6), 59. (Pax-1, Pax-5, Pax-8b, Pax-8c,
Pax-8d//Pax-1, Pax-2, Pax-5, Pax-8a), 60. (HNF-3alpha//
HNF-3beta), 61. (E2F-1, E2F-2, E2F-3, E2F-4, E2F-5//E2F-1),
62. (DP-1, DP-2//DP-1, DP-3), 63. (c-Ets-1 p54, Ets-1 Delta
VIj/c-Ets-1 p54), 64. (Ets-2/[Ets-2), 65. (Elk-1, SAP-1a,SAP-2//
SAP-2), 66. (Erg-1, Erg-2, p38erg//Fli-1), 67. (IRF-1, IRF-2,
ISGF-3gamma//Pip, ICSBP, LSIRF-2, IRF-1, IRF-2), 68.
(TEF-1), 69. (p105, p50//p50, pl05), 70. (p100, p52, p49),
71. (p65, p65Delta, RelB//p65, RelB), 72. (NF-ATc, NF-Atp,
NF-Atx//NF-Atc, NF-Atp,NF-Atc3), 73. (p91, p84, STAT2,
STAT3//STAT3, STAT4, p91), 74. (STAT4, STATG//STATSA,
STATSB, STAT6), 75. (pS3//p53, pS3as), 76. (MEF-2A,
aMEF-2, RSRFC4, RSRFC9//MEF-2A), 77. (MEF-2Bl//
MEF-2B1, MEF-2B2, MEF-2B3, MEF-2B4), 78. (MEF-2C,
MEF-2C/Delta8, MEF-2C/Delta32//MEF-2C/Delta8), 79.
(MEF-2DAB,’B, MEF-2D0B, MEF-2DA0, MEF-2DA’0,
MEF-2D00/MEF-2DAB, MEF-2DA’0), 80. (SRF//SRF), 81.
(TBP//TBP), 82. (SRY, Sox-4//Sox-2, Sox-4, SRY), 83.
(Sox-5, Sox-9//Sox-9, Sox-18, SOX-LZ, Sox-5), 84.
(Sox-9//Sox-9, Sox-18), 85. (TCF-1A, TCF-1B, TCF-1C,
TCF-1D, TCF-1E, TCF-1F, TCF-1G),86. (SSRP1, SSRP1),
87. (CP2, LBP-1a//LBP-1a, CP2), 83. (DbpA, DbpAv, YB-1/
DbpB/EF 1//Ybx-3), 89. (YB-1/DbpB/EF [//YB-1/ DbpB/EF
), 90. (PEBP2alphaA1/AML-3//PEBP2alphaA /Osf-2, PEBP2
alphaA/ Til-1, PEBP2alphaA/Til-1(Y), PEBP2alphaA/ Til-1(U),
PEBP2alphaA1/AML-3, PEBP2alphaA2), 91. (PEBP2alphaB/
AMLI1, PEBP2alphaBl /AMLI1b, AMLla, AMLIc,
AMLI1DeltaN, PEBP2alphaC1AML2//PEBP2alphaB1/
AMLI1b, PEBP2alphaB2), 92. (HMG I, HMG Y, HMG
[ -C//HMG 1 (Y)).
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2+ o]#J%} degenerate primer] 54 wiiEell 5L =27] &
Figo] FARE o 71A19] 7| de E3dehA| Heh 1
|22 degenerate RT-PCR-S £3f] W3S Holx= AARIZ}
TollA = o]ojA] SSCPE Alg¥star ol 7He] band7} Ve
] o]5-g thA] sequencingS E2l Folslar gelwl Al
Re] ko] WSS AL Skl AR} Dasic weiA
SA AARA N ik FFH BAEcE 2 A Xk
AARIZL W e Zohlo] FH A Hde &
4 9+ screening testZ ARES G 9)S Zog AFEd:
15744 RT-PCR/SSCP W2 F Ak A5k, it
24 Azt 5, ofe] We] odollA] s B =4 A
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ol2loll= T3R-a7} E3e group 31, HOXA4, HOXB4
7} %3k group 37, Thyroid transcription factor-10] 33}
%l group 48, pre B-cell leukemia transcription factor la
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